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Summary 


The report summarizes my works as Summer Research Fellow at Department of 
Physics, DDU Gorakhpur University from 1 st April, 2016 to 30 th May, 2016. During 
the first four weeks from 1 st to 29 th April, 2016, 1 focused on the basics of Astronomy, 
Spectroscopy and Interstellar Medium (ISM). I studied about stellar distance 
measurements, stellar evolution, types of astrophysical objects, etc. There are more 
than 150 molecules already detected in the Inter stellar medium (ISM). I did some 
Literature Survey to understand the research in the area of Molecular Astrophysics 
and read especially about Cyanopolyyne molecules. Cyanopolyynes are linear 
molecules detected in the ISM by their rotational and vibrational spectra. 

During the first phase, I also studied about Linux Operating System and installed SuSe 
linux. I also studied about GAMESS (General Atomic and Molecular Electronic 
Structure System), a quantum computation software that I used for obtaining 
molecular structure and spectra (vibrational) of Cyanopolyynes. 

In the final four weeks I obtained vibrational spectra of eight Cyanopolyynes using 
GAMESS. With the help of graphical visualization program JMOL the nature of 
different vibrations were studied. Origin software was used for Graphical 
representation. It is recognized that the Cyanopolyynes have mainly three important 
intense features that are due to C-H stretch, N=C and C=C stretches and C=C-H 
bending vibrations. The variations in intensity and frequency of these modes with 
chain length is studied and discussed. 



Detailed Report 


Introduction 

The interstellar medium (ISM) is the matter which exists in the space between the star 
systems in a galaxy. Generally people imagine that outer space is a complete vacuum, 
devoid of any material. Although the interstellar regions are more devoid of matter 
than any vacuum that can artificially be created on earth, there is significant matter in 
space. The ISM has very low densities and consists mainly of gas (99%) and dust. In 
total, approximately 15% of the visible matter in the Milky Way is composed of 
interstellar gas and dust. The ISM includes gas in ionic, atomic, and molecular form, 
as well as dust and cosmic rays. It fills interstellar space and blends smoothly into the 
surrounding intergalactic space. The ISM is primarily hydrogen followed by helium 
with trace amounts of carbon, oxygen, and nitrogen [1], 

The ISM is considered to have multiple phases depending on the medium density and 
temperature. These phases are also closely related to the proximity of stars in the 
region. The ISM dust and gas play very crucial role in the formation of new stars. 
More than 150 molecules have been detected in the ISM and circumstellar envelopes 
of stars shedding their outer envelopes [2], Among the possible molecules, very big 
cyclic molecules e.g. polycyclic aromatic hydrocarbons (PAHs) are also observed in a 
variety of objects [3]. In the present work we have focused on Cyanopolyynes, these 
are linear molecules detected in the ISM by their rotational and vibrational spectra. 

Cyanopolyynes: - 

Cyanopolyynes are a group of linear molecules with the chemical formula HCnN 
(n=3, 5, 7, ...). Structurally, they are polyynes with a Cyano group covalently bonded 
to one of the terminal acetylene units. A rarely seen group of molecules both due to 
the difficulty in production and the unstable nature of the paired groups, the 
Cyanopolyynes have been observed as a major organic component in interstellar 
clouds [4], Cyanoacetylene (HC3N) was first discovered in interstellar molecular 
clouds in 1971 using millimeter wave and microwave telescopes [4], Since then many 
higher Cyanopolyynes such as HC5N, HC7N and HC11N have also been discovered. 
Still higher Cyanopolyynes are expected in the ISM but their identifications are yet 
disputed. Other derivatives such as methyl-cyanoacetylene (CH3C3N) and ethyl- 
cyanoacetylene (CH3CH2C3N) have also been observationally detected [5]. 

Using quantum chemical methods via GAMESS software study of eight 
Cyanopolyynes is performed. The equilibrium linear structures of Cyano-acetylene to 
Cyano-octaacetylene are obtained and their vibrational frequencies and infrared 
intensities are calculated. The results of each molecule are presented below. 



01. Cyanoacetylene: 


Cyanoacetylene is the simplest example of Cyanopolyynes, H-C=C-C=N. It is 
common on earth and is believed to be the initial reagent for the photo-catalyzed 
formation of higher interstellar Cyanopolyynes. Cyanoacetylene is one of the 
molecules that was produced in the Miller-Urey experiment and is expected to be 
found in carbon-rich environments [6]. It was first detected in 1971 in Sgr B2 via a 
rotational band and confirmed through several observations that include the detection 
of other rotational lines [7, 8]. Two of the 13 C isotopomers are also reported [9]. In the 
extragalatic regions it was first reported in 1990 toward the Silver Dollar galaxy. 
HC3N was also observed in comet Hale-Bopp by Bockelee-Movan et al. [10] and in 
Titan's atmosphere by Kunde et al. [11], making it one of the most diversely observed 
astromolecules to date. 


Ol.Cyanoacetylene 

Frequency 

Frequency* 

IR Intensity 

Relative 

cm' 1 

cm' 1 

Debye 2 /Amu A 2 

Intensity 

650.55 

624.528 

1.14037 

0.633722 

650.56 

624.5376 

1.14037 

0.633722 

910.18 

873.7728 

0.00001 

5.56E-06 

2185.68 

2098.253 

0.02755 

0.01531 

2383.96 

2288.602 

0.68057 

0.378204 

3487.06 

3347.578 

1.79948 

1 


• 1 1 1 1 1 1 1 ' 1 ' 1 ' r 

i.o- | ■ Relative IR Intensity | * 


0 . 8 - 



0 . 2 - 


0 500 1000 1500 2000 2500 3000 3500 

Frequency (cm' 1 ) 


01. Vibrational Spectra of Cyanoacetylene 


02. Cyanodiacetylene: 


The detection of cyanodiacetylene (HC5N) through observations of multiple rotational 
transitions was spread through a number of reports across the span of several years in 
a variety of interstellar objects. Avery et al., 1976 [12] first reported the 4-3 line in Sgr 
B2 using the 46 m telescope at Algonquin Radio Observatory in Canada. Two more 
lines, 1-0 and 8-7, were reported later in the same year by Broten et al. [13], also in 
Sgr B2 using the observational facility in Parkes, Australia. Little et al., 1977 [14] 
reported observing the 9-8 line in the Heiles2 dust cloud. The same line was 
subsequently observed by Winnewisser & Walmsley in IRC +10216 in 1978 [15]. A 
fifth line, for the 2-1 transition, was found in Sgr B2 and Taurus Molecular Cloud -1 
(TMC-1) by Gardner & Winnewisser, 1978 [16]. The 3-2 transition was observed by 
Rodriguez & Chaisson, 1980 [17], while Jennings & Fox observed four consecutive 
transitions (7-6, 8-7, 9-8, 10-9) in 1982 [18]. 



02. Cyanodiacetylene 
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02. Vibrational Spectra of Cyanodiacetylene 


03. Cyanotriacetylene: 

Cyanotriacetylene or cyanohextriyne (HC7N) was initially detected by Kroto et al., 
1978 [19] toward Heiles 2 (TMC-1). The observations were performed with the 46m 
telescope at the Algonquin Radio Observatory in Ontario, Canada. The initial 
detection was quickly confirmed by Little et al. [20], who observed HC7N in TMC-2, 
and by Winnewisser & Walmsley [15], who observed it in IRC+10216. Subsequent 
observations by Gardner et al. [21], Rodriguez & Chaisson [17], Snell et al. [22], and 
Cernicharo et al. [23] extended the number of observed lines of HC7N and added new 
sources, including Sgr B2 and L1544. 
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03. Cyanotriacetylene 
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02. Vibrational Spectra of Cyanotriacetylene 


04. Cyanotetraacetylene 



04. Cyanotetraacetylene 
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04. Vibrational Spectra of Cyanotetraacetylene 


05. Cyanopentaacetylene 



05. Cyanopentaacetylene 
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05. Vibrational Spectra of Cyanopentaacetylene 


06. Cyanohexaacetylene 




06. Cyanohexaacetylene 
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06. Vibrational Spectra of Cyanohexaacetylene 


07. Cyanoheptaacetylene 



07. Cyanoheptaacetylene 
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07. Vibrational Spectra of Cyanoheptaacetylene 


08. Cyanooctaacetylene 




08. Cyanooctaacetylene 
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08. Vibrational Spectra of Cyanooctaacetylene 


Discussions 


Although Cyanopolyynes higher than Cyanotriacetylene have not yet been confirmed 
in the ISM, we have studied their vibrational spectra. In all the molecules there are 
mainly three important intense features, which are due to C-H stretch, N=C and C=C 
stretches and C=C-H bending vibrations. A combined spectra of all the molecules is 
plotted in figure 09. The observed frequency due to C-H stretch is sharp and it is at 
3347 cm' 1 . This mode is independent of the length of the molecule and appears at the 
same frequency in all Cyanopolyynes. 

The second mode lies in the 2290 to 2148 cm' 1 region. These modes are primarily due 
to N=C and C=C stretch vibrations. The intensity of this feature increases with the 
length of the chain. The frequency due to C=C-H bending vibration is nearly constant 
at around 600 cm' 1 . 
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09. Combined Vibrational Spectra of Cyanopolyynes 

It is interesting to study the variations in frequency of modes due to C=C-H bending 
with number of C=C bonds (triple bonds) in the molecule. Figure 10 shows this 
variation. As the chain length increases initially the frequency decreases. Beyond 
Cyanotriacetylene there is frequency alternation. The frequency is lower for even 
number of C=C and is higher for odd number of C=C. This alternation dampens and 
for very large chain the frequency of this mode becomes constant at 568 cm' 1 . 
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10. Variation of Frequency with increasing no. of 
Triple bonded carbon for CeC-H bending 


It may be noted that in all quantum chemical calculations the vibrational frequencies 
are over estimated. In order to bring them close to the actual observed spectral 
frequencies scaling is required. The scaling procedures can be complicated for large 
molecules and be frequency dependent [24], But in these relatively small molecules 
we have taken a frequency independent scaling factor of 0.96. This value is arrived at 
by comparing the reported spectra of Cyanoacetylene and by considering the values 
used in other complex molecules [24], 
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